Boar rete testis fluid and luminal contents from nine epididymal segments were collected for analysis. From proximal to distal, segments were designated A, B, C (caPut), D a, D b, E a (corpus) and Eb, F a, F b (cauda). Concentrations of sperm, protein and soluble sperm membrane glycoprotein $2P3 were lowest in the caput epididymidis (region A) and highest in the proximal corpus epididymidis (region Da). At region D a, approximately 94% of the fluid that had entered the epididymis had been reabsorbed. More total protein was found in the luminal fluid of region D a than could be accounted for on the basis of concentration via fluid removal. The proximal canda epididymidis was the major luminal protein-removing region. However, large amounts of glycoprotein S2Pa were removed from the luminal fluids during passage through the caput epididymidis, and smaller amounts were removed during passage through the cauda epididymidis.
Introduction
Although the epididymides of laboratory animals have been studied for many years, little work has been done on the epididymides from farm species. Epididymal plasma presumably contributes in some way to the functional maturation and storage of spermatozoa in the epididymis (Orgebin-Crist et al., 1976; Hunter et al., 1978) . The concentration of most constituents in epididymal plasma varies according to epididymal region and species (Jones, 1978 midis secrete and reabsorb proteins (Turner, 1979) . Despite epididymal secretion, usually less total protein exits from the epididymis than enters it (Jegou et al., 1979) . Protein and spermatozoal data on boar epididymal plasma are limited (Crabo, 1965; Gustafsson et al., 1970; Crabo and Hunter, 1975; Schellpfeffer and Hunter, 1976) . Glycoprotein $2P3 is an intrinsic boar sperm cell membrane protein of testicular origin whose expression on the sperm is decreased during epididymal transit (Bostwick and Hunter, 1979) . The present study examines sperm, protein and glycoprotein $2P3 concentrations in epididymal luminal fluid and relates them to secretion and absorption in specific regions within the boar epididymis.
Materials and Methods
Animals and Samples. Epididymides were obtained from sexually mature boars at an abattoir. Sexual maturity was established by the presence of normal motile spermatozoa in the cauda epididymides. The previous sexual activity of these boars was unknown. Epididymal luminal contents were collected from nine sites (Crabo, 1965) designated from proximal to distal, as A, B, C, (caput), D a, D b, E a (corpus) and Eb, F a, F b (cauda). Incisions were made across tubules in each specific region, and the accumulated fluid was aspirated into plastic vials.
Sperm Concentrations. Luminal contents were collected as described above from an epididymidis from each of 20 sexually mature boars. A portion of each luminal content (20 tal) was added to a 3% sodium citrate solution (6 ml) and vortexed for 30 seconds. Sperm concentration was determined by optical density (Young et al,, 1960) .
Radial lmmunodiffusion. The remainder of the luminal contents described above was centrifuged (12,000 x g, 5 min) for the collection of cell free supernatant fluids. The concen- Fahey and McKelvey (1965) with monospecific antibody to S2P 3 prepared by Schellpfeffer and Hunter (1976) . A standard curve was prepared for each plate with six known concentrations of purified glycoprotein $2P3. A correlation coefficient (r)of .99 was calculated for precipitin ring diameter and glycoprotein $2 P3 concentrations between .14 and 2 mg/ml.
Protein. Luminal contents were collected as described above from another 21 epididymides from 11 boars. Individual samples from all segments were centrifuged at 13,400 • g for 15 minutes. The supernatant fluids were removed and analyzed for protein by the biuret method of Gornall et al. (1949) .
Statistical Analysis of Data. Data were subjected to analysis of variance (Steel and Torrie, 1960) and, where appropriate, Tukey's honestly significant difference test.
R~ults
Luminal Sperm Content. Sperm concentration in the luminal fluids increased (P<.01) between fete testis and the proximal corpus region D a (table 1). The sperm concentration then decreased (P<.01) through distal corpus region E a and increased in proximal cauda region E b before decreasing again in distal cauda region F bLuminal Cell-free Protein Content. Protein concentration in the luminal fluids also increased (P<.01) in a linear fashion from the initial segment of the epididymis to the proximal corpus region Da, where it peaked (table 1). The protein, concentration then decreased (P<.01) through proximal cauda region E b. Distal cauda region F b luminal fluid had less protein than proximal cauda fluid.
Luminal Glycoprotein $2P3 Content, Glycoprotein $2P3 levels in the luminal fluids increased (P<.05) from the initial segment of the epididymis to a peak in proximal corpus region D a (table 1) . Thereafter, concentrations decreased (P<.01) to a barely detectable level in the cauda luminal fluids. Glycoprotein S2Pa made up 6% of the protein in luminal fluid from the initial segment of the epididymis and only .6% of that in luminal fluid from the terminal segment (table 1) . Swierstra (1971) found that daily sperm production and daily sperm output were approximately equal and that few, if any, spermatozoa were absorbed from the epididymis of sexually active boars. Thus, assuming that the absolute number of spermatozoa remains constant during transit through the epididymal duct, sperm concentration may be used as a reference for calculation of those changes which the epididymal content undergoes from segment to segment because of absorption or secretion of fluid. Crabo (1965) defined segment A in the boar as "the clearly defined transition zone between testis and epididymis." Fluid from this segment is mainly rete testis-ductule efferentes fluid. Crabo's data on packed cell volume showed that 81% of this fluid had been reabsorbed before the end of segment B. Our data showed 88% reabsorption. Crabo (1965) reported that 99.7% of the fluid entering the epididymis in segment A had been reabsorbed before the end of segment D a. Our data showed 94.1% reabsorption, thus confirming his finding and documenting that reabsorption of fluid is a function of the boar caput epithelium. Net movement of fluid beyond region D a was slight. The cauda epididymidis had a lower sperm level than the corpus, probably as a result of secretions being added to the luminal fluids. Our sperm concentration data (table 1) were obtained from 20 epididymides, while Crabo (1965) used two to six epididymides. Despite this difference, our data agree closely with his.
Discussion
Since flow rates through the epididymis were not measured, the total amount of protein entering or leaving the epididymis could not be determined. However, by using sperm concentration and relating protein and glycoprotein $2P3 levels to it (table 2), we were able to deduce whether secretion or absorption had occurred in a particular region of the epididymis. Region D a luminal fluid had the highest protein concentration (6.46%). However, just as sperm are concentrated via reabsorption of fluid in region Da, proteins might also be. Luminal fluid protein increased by 102% from caput region C to corpus region Da, while sperm concentration increased by only 37% (table 1). Table 2 shows that a greater protein concentration was present in region D a than could be accounted for on the basis of fluid removal. Hence, protein secretion was probably occurring in region D a. Scheltpfeffer and aMean + 95% confidence interval (1.96 SE). bCalculated by multiplying percentage change in sperm concentration from previous region (table 1) • protein concentration found in previous region. This figure was added to the protein concentration found in previous region.
Hunter (1976) reported that the proximal corpus epididymidis region D a secreted three boar sperm-coating proteins.
Luminal fluid protein decreased by 24% from distal corpus region E a to proximal cauda region E b, while sperm concentration increased by 5%. Table 2 shows that less protein was present in region E b than could be accounted for by fluid secretion alone. This suggests that protein loss or absorption occurred in the proximal cauda epididymidis. Schellpfeffer and Hunter (1976) reported that the cauda epididymidis was the major region in which absorption of boar sperm-coating antigens occurred. Data on laboratory animals indicate that protein absorption or lysis occurs in the cauda epididymidis (Turner, 1979) . Our regional protein concentration data were similar to those reported by Gustafsson et al. (1970) for fewer boars.
Glycoprotein $2P3 is a sperm surface glycoprotein that is shed with and from the sperm during release from the Sertoli cells in the testes (Bostwick and Hunter, 1979; Bostwick et al., 1980) . Glycoprotein $2P3 made up 6.0% of the protein in luminal fluid of the proximal caput epididymidis and .6% of the protein exiting from the cauda epididymidis (table 1) . However, the greatest luminal fluid loss of glycoprotein $2P3 occurred during transit through the caput epididymidis. Table 2 shows that less glycoprotein $2P3 was present in the luminal fluids of caput epididymal regions B and C than expected. This suggests that luminal $2P3 was masked or degraded in the caput. Bostwick and co-workers (Bostwick and Hunter 1979; Bostwick et al., 1980) observed a marked decrease in glycoprotein $2P3 immunofluorescence on the sperm surface in proximal corpus region D a. Further loss of this glycoprotein from the sperm surface occurred in the cauda epididymidis. In addition, the level of glycoprotein $2P3 in the luminal fluid of the proximal cauda region E b was lower than expected (table  2) .
Boar spermatozoa first acquire the potential for fertilization in the proximal corpus epididymidis (Holtz and Smidt, 1976) . This is also where a great reduction in glycoprotein $2P3 immunofluorescence from the sperm surface is observed (Bostwick et al., 1980) by comparison with testicular and caput epididymal sperm. Hunter et al. (1976) suggested that during epididymal transit, boar spermatozoa become invested with some form of inhibitor that stabilizes the plasma membrane. This inhibitor may mask the expression of the glycoprotein $2P3 antigen on the spermatozoa and in the luminal fluid (table 2) . Hunter et al. (1978) showed that this reversible inhibitor was present in cauda epididymal plasma and prevented fertilizing potential from being expressed until the boar spermatozoa had achieved the site of fertilization. The surgical tubal insemination of boar spermatozoa from the upper corpus without the inhibitor resulted in penetration of 54.1% of ova within 4 hr 26 min, while spermatozoa from the distal cauda
